Introduction
The many favorable features that planar monopole antennas exhibit, including a wide bandwidth, good radiation properties, low cost and simple fabrication have resulted in significant research conducted in this field. Traditional monopole antenna is inherently a narrowband configuration. As reported in [1], a simple microstrip stub served as the impedance matching element and provided around 13% bandwidth improvement when get compared with the traditional design. Several monopole designs have been studied employing various ground planes of dissimilar shapes so that the impedance bandwidth can be enhanced [2] [3] [4] . A number of designs have been used to reduce size of MPA which includes the implementation of planar inverted F antenna (PIFA) or substrate with high dielectric constant. Recent research of Electromagnetic Band gap (EBG) has led to an immense research interest including antenna performance improvements of size reduction [5] [6] , gain enhancement [7] and radiation efficiency improvement [8] and so forth. A remarkable category of EBG structures named Defected Ground Structure (DGS) is invented recently which has a controllable finite transmission zero characteristic [9] . Defected ground structure (DGS) method is also used for size reduction as well as multi-band operations [10] which stimulate additional resonance modes [11] [12] [13] [14] . As compare to Photonic Band Gap (PBG) surfaces, defected ground structure (DGS) has gained noteworthy interests. This is because of the fact that DGS has been designed to diminish certain frequency bands, and for this reason these are sometimes also known as Electromagnetic Band-Gap (EBG) structures. DGS has uncomplicated configuration and have potential applications in microwave circuit's designs including filters, amplifiers and oscillators [15] .
A simple triple-band design of the microstrip-fed monopole antenna consisting of a meandered-strip element and a ground plane with three shorted parasitic strips is being presented in this paper. This refers to the works reported in [16] [17] [18] showing that a microstrip-fed monopole antenna with a shorted parasitic strip can excite both dual and broadband operation respectively. Good triple-broad impedance bandwidths as well as radiation characteristics which are appropriate for multi-band wireless communication systems can be achieved by properly adding strips to the ground and carefully selecting the positions and lengths of these strips. This paper is organized in four sections. First section provides introduction regarding Microstrip Patch Antenna (MPA) with DGS. In second section, structure of the proposed antenna and reference antenna is discussed which includes its dimensions and material used. In third section, simulation results of both antennas have been presented in terms of Return Loss (S 11 ), Bandwidth, VSWR, Peak Gain, Peak Directivity and Radiation Pattern. The last section concludes the paper mentioning the advantages and application of the proposed antenna.
II. Antenna Design
Both reference and proposed meandered monopole antennas for triple-band operation are etched on a single side of an FR4 epoxy substrate having dimensions 35×48 mm 2 with relative permittivity ( r ) of 4.2 and substrate thickness 1.6 mm. It consists of a radiating meandered strip and a ground plane on another side of the substrate. The schematic configuration of triple-band reference meandered monopole antenna with Defected Ground Structure (DGS) is shown in Fig. 1 . The meandered shaped radiating patch is fed by 50 Ω microstrip line with width 3 mm and length 18 mm. The total length of microstrip line feed including meandered patch is about 37.5 mm. To reduce the height of antenna and hence, miniaturizing the overall size of antenna, the central part of the monopole strip at a distance of 7 mm from the top edge of the ground plane was meandered to form a hook. This formed hook is configured with horizontal as well as vertical section having lengths of 6 mm and 7.5 mm, respectively. The ground plane is selected to be 35×18 mm 2 with three protrudent strips that have been employed and short-circuited to the same ground plane. These shorted protrudent strips, denoted as strips 1, 2 and 3 are introduced to improve excitation of the resonant modes for this antenna. The central line of the ground (in zdirection) is positioned with 1.5 mm offset with respect to the microstrip feed line. The position of strip 1 is 6.5 mm to the left edge of the ground plane, while that for strip 3 is 5.5 mm to the ground's right edge. As for strip 2, it is optimally sited between strips 1 and 3 with a distance of 3.5 mm from strip 3. Such an arrangement of addition of three shorted parasitic strips show outcome in different electromagnetic coupling effects between the meandered monopole and these strips. This can effectively increase the resonances and attain better resonant frequencies as well as impedance bandwidths.
Finally, the optimal lengths for strips 1, 2 and 3 are 6, 6 and 29 mm, respectively. It should be noted that although the selected length of 29 mm for strip 3 increases the overall size of the proposed meandered monopole antenna. And, the lowest resonant mode can be generated at a frequency as low as 1.9 GHz which in general desires a current length of about 42 mm, estimated from the one-quarter wavelength rule in free space at resonance.
Fig. 1: Schematic configuration of reference antenna
The proposed antenna is fabricated by doing amendments in reference antenna. All the design parameters of proposed antenna are similar to reference antenna except two edges having dimensions of 2×2 mm 2 which are protruded on the both sides of left most strip of ground plane. These protruded edges along left most strip of ground helps to improve Bandwidth and Return Loss etc. without degrading other antenna performance parameters. The schematic configuration of the proposed meandered monopole antenna with Defected Ground Structure (DGS) for triple-band operation is shown in Fig. 2 .
Fig. 2: Schematic configuration of proposed antenna
The complete geometry of the proposed meandered monopole antenna with Defected Ground Structure (DGS) modeled in HFSS environment is shown in Fig. 3 . HFSS is a high-performance full-wave electromagnetic (EM) field simulator for arbitrary 3D volumetric passive device modeling which takes advantage of the familiar Microsoft Windows graphical user interface. 
III. Simulation Results and Discussion
After modeling the proposed geometry of model in HFSS, the model is assigned suitable boundary conditions for far-field calculation. Then adaptive meshing of problem domain including boundary is employed. In adaptive meshing, the mesh is refined for each iteration, a full solution is performed and the process is repeated to give the most accurate results possible until convergence.
a. Return Loss (S 11 ) and Bandwidth
The simulated return loss (S 11 ) of the reference antenna is shown In Fig. 4 . The results show that reference antenna operate at three resonant bands at frequencies of 1.92, 5. Fig. 5 shows VSWR plot of the reference and proposed meandered monopole antenna with Defected Ground Structure (DGS). For proposed antenna, the simulated values of VSWR at three resonance frequencies are 1.16, 1.10 and 1.20 respectively. In case of reference antenna, the simulated values of VSWR at three resonance frequencies are 1.08, 1.13 and 1.15 respectively as shown in Fig. 5 . For both antennas, the value of VSWR at three resonance frequencies is approximately equal to 1 which helps in perfect impedance matching.
b. Voltage Standing Wave Ratio (VSWR)

Fig. 5: Simulated VSWR v/s frequency plot for proposed and reference antennas c. Peak Gain
The peak gain of the proposed and reference antenna design for frequencies across the triple operating bands is shown in Fig. 6 . For proposed antenna, the simulated peak gains across triple operating bands are about 2.50, 4.56 and 4.12 dB respectively; while the simulated peak gains of reference antenna for triple operating bands are about 2.6703, 4.7692 and 5.4284 dB respectively. The peak directivity of the proposed and reference antenna design for frequencies across the triple operating bands are shown in Fig. 7 . For proposed antenna, the simulated peak directivity across triple operating bands are about 2.99, 5.15 and 4.25 dB respectively, while simulated peak directivity of reference antenna across triple operating bands are about 3.04, 5.23 and 5.32 dB respectively. ) show the simulated radiation patterns of proposed antenna for x-y, y-z and zx plane when operating at 1.88 GHz respectively. Fig. 9 (1), 9(2) and 9(3) reveal the simulated radiation patterns of proposed antenna for x-y, y-z and z-x plane when operating at 5.07 GHz respectively. 
IV. Conclusion
A new microstrip-fed antenna design based on the meandered monopole for a triple-frequency operation has been proposed with simulated results. For the monopole structure, the ground plane with three parasitic strips assists the proposed antenna to excite triple-resonances and has a suitable radiation performance to cater for the triple-frequency wireless systems. This includes PCS-1900/UMTS-2100 and 2.4/5.2/5.8 GHz WLAN frequency bands. The bandwidth of all three operating bands gets enhanced by proposed antenna than reference antenna by 12.1 MHz, 13.0 MHz and 76.3 MHz respectively. In addition to this, the proposed antenna has good Peak Gain and Peak Directivity across three operating bands as compared to reference antenna.
